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Summary 

The current experimental status of charm production by neutrinos is 

reviewed. Recent results on like-sign dimuons are also discussed. 

I. Introduction 

Since the 1979 Lepto" Photo" Conference several Rroups have presented 

new data on charm production by neutrinos'. This report will concentrate on 

three topics: (1) Explicit observations of charm production in the emulsion 

experiment at Fermilab (E531); (2) New data on opposite-sign dileptons with 

a discussion of tne energy dependence of the charm production cress 

section, x distributions, charm quark fragmentation, and the relative 

strength of the strange quark sea; and (3) Like-sign dileptons, their 

existence, background, and possible souroes. 

Charm as a Pourth quark was suggested as early as 1964 and predictions 

of bare charmed-particle production by neutrinos wepe proposed in 1970 when 

Glashou, Illiopoulas, and f4aia"i (GIM) introduced the fourth quark and 

their ~eCbZ3”iStll for suppressing 
2 

strangeness-changing neutral currents . 

Theoretical predictions regarding the deep inelastic neutrino production of 

charm ve?e made in 19'74 by Altarelli et al., and Gaillards. The standard 

model ror weak Interactions (Weinberg-Salam, GIM, Kobayashi-Maskawa*) 

provides a theoretical framework for charm production which involves the 

transition Prom a light quark, d or s, to the charmed quark, c, followed by 

fragmentation to a charmed hadro" (see Figure 1). The charmed hadron 

subsequently decays weakly with the Cabibbo-allowed strange decay OF 

Cabibbo-suppressed "on-strange decay with a lifetiae -lo-l3 seconds. 

Pig. 1. Feynman diagrsms ior charm praduotio" by neutrinou(a) and 

antineutrinos( The neutrino rate is .d(x)sin2ec +s(x)coa26, 
- 

vhild the sntineutrinc rate is -d(x)si"'ec +:(x)cos2Rc, 
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II. Explicit Production oP Charm -- 

A. Old Data -__ 

The first explicit example of the production of charm by neutrinos was 

the BNL bubble chamber event' where vp*!J-Ig+ (2.426) which decayed to A;n+ 

with the A; going to a A and three charged pions. This discovery was 

quickly followed by the first emulsion observation of what was surely charm 

production, although the charged 182Um track terminated in e decay which 

could not be uniquely identified’. I” subsequent Columbia-BNL and BNL 

experiments evidence was presented for explicit production of: DC (64 

events above a background OP 180 events)‘, “o (2 unique events)‘, and 2;+ 

(20 events with s background of 6 eventsjg. At the time oP the '79 
Lepton-Photon ConPerence, the Fermilab emulsion experiment (E531) had 

observed 10 events (lF-, 3D+, lAc, and 4 Do)” while the BEBC em"lSi0" 

experiment reported 5 events (3 DC, 1 AC, 1 ambiguous)“. 

B. New Data on Explicit Production of Charm --i_ -- 
The BEBC “eutrino collaboration, ABCMO, has Pound 2 examples each of 

A;, charmed barycn and D++ charmed meson production". paper 9 contributed 

to this c~nference'~ reports the observation oP e "eutrino-produced A;, 

which decayS to Eon+ . The emulsion experiment performed at Fermilab, E531, 

has now accumulated 44 events with explicit charm'*. 

c. - E531 Experiment --- 
The experimental appakatus for E531 includes 3, liters Of emulsion 

tzrget, an Open q agne t instrumented upstream and downstream with drift 

chambers, time of Plight counters for charged particle identification, lead 

glass for e and y identification (AE=*O.l4fi), a hadro" calorimeter for 

neutral hadron identiPication (A~=fi.ifi), and a muon identifier with 

hCdoSCo~eS. The driPt chambers and a changeable emulsion sheet with very 

few background tracks, allow the prediction of the interaction vertex to 

0.5mm in the direction perpendicular to the neutrino beam. Once the 

1"teraction vertex is located, the charmed meson and baryon decays are 

found by searching the emulsion with two techniques. In the first method 

the charged tracks with polar angle less than 20' are followed Pcr 6mm, and 

neutral decay vertices are searched in a cyclindrical volume vhose axis is 

along the V beam direction, having a radius of 300Um and a length lmm 

downstream of the production vertex. I” the second search method they 

follow back each track, "sing the driPt chemt,rS and changeable fiducial 

Sheet l"formatio", into the emulsion to its decay or production vertex. 

The ePPicie”cy vs. distance for finding decays is shown in Figure 2. FCF 

charged decays with three DP more tracks leaving the vertex and neutral 

decays the efficiency is quite good downstream of the vertex clutter.~ 
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Fig. 2. E531 em"lsio" experiment ePPicie"cy for detecting decays oP 

charmed hadrons. The ordinate is the logarithm of the decay 

length. 

Tabie 1 summarizes the unambiguous events and their observed decay 

modes. LiPetimes are not give" since they are discussed in these 

proceedings by L. Foa. There are three additional charged decay events 

which are ambiguous among D+, F+, and ,,; and seven events still being 

analyzed. The three DC and the single D- events are each accompanied by an 

identified u+ which implies they are initiated by ;. Flux calculations Por 

the wide band beam indicate the ;/v Plux ratio is 0.07 with the ; PlUX 

peaked toward higher energies. Thus the production ratio D/D is as 

expected. From the measured inclusive 3-prong branching ratio for the 

decay of charged D's (0.47) a tote1 of -8 D+ is implied1S~7. Six of the 17 

DC and ic events result Prom the decay of a D**. IP equal production of D*+ 

end D*' is assumed, then Prom the known branching ratios oP D*c+Dc(lOO~) 

and D**+Dc(64$) the D*/D production ratio is roughly 2.5 and the observed 

DC/D+ ratio is -2. 

Figure 3 shows the energy distributicn of the single q "c" charged 

current (1~) interactions and the charm production events. The 1~ events 

ar'e required to have pM>4 GeV/c sicce the effictency for observing a u is 

significantly reduced below this out. It should be noted that the A,, (cud 
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Table 1: E531 Emulsion Experiment Event Decay l4odes 

AC **. F 

A; -. p Kc 

P K-n+nc 

2 p n+n-iTD 

3 A A+H-n+ 

Ion+ 

F- + 8+ll-n-nc 

F+ * R+n+n-iic 

+ K+K-n+n=' 

+ n+n+n-no t 

DC 01' ii0 D+ or D- 

DC -c K-n+nc 

K-n+ncnc 

2 K-n+r-n+ 2 Da's 

2 K-n+n-n+nc D* 

K-n+a+n+n-n- 

2 T&T+"- D* 

iiclr+T-lr~ D* 

ll+n+n+lT-n-n-lrc 

K-e+(V) 

K-Y+(Y) 

K-n+n-p+V 

3 + K+n-a0 2 

K*n-non0 

K-n-n+n-no 

ll+ * K-n+n+n" 

+ K-K+lr+nc 

+ K-n+e+(v) 

+ K-n+p+(v) 

D- + K+H-s-l;) 

SUlUllMPy -- 

8 AC 

4F 

5 charged Ds 

17 neutral Ds 

aa* 4 A; are consistent with having either a Zz+ OF ~0 0 pm-snt. 
9 This event is Prom ~564, Ammar et al., IS 
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quark state) is predominantly produced at low neutrino energies. This is 

probably caused by the co"versio" oP d quark to a c quark in the vicinity 

of the spectator u and d quarks of a neutron. To get the charm meson 

production cross sectio" from the data displayed in Figure 3 requires 

efficiency corrections which are not yet well known by the E531 group, but 

they astimate ~charm/~,p rises to -9*3$ at 100 GeV. The observed DC/D+ 

ratio of 2 and the Dc+Xpv, D++XIIu branching ratios of 4% and 2221', 

respectively, imply an average branching ratio of 9.7% which would yield an 

opposite-sign dimuon cross section Por charm of (O.OOg'O.O03)*",,. This is 

in good agreement with dimuon data. 
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Fig. 3. E531 charm production event energy distribution. The single u- 

data require Pu-' 4 cev/c. There ape no corrections for 

efPiciency. The ambiguous data are represented by question marks. 

The data imply *charm/o,~ approaches 0.09*0.03 at about 100 GeV. 
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Fig. 4. E531 charm production characteristics. Note the low Q2 for 

production Of A0 and their target-like behavior. The definitions 

or XF and ZF at-e given in the figure. 

In Figure II the Q*, Xy, and ZF distribution3 3re given. There is only 

C"* A, above a Q* of 4(GeV/c)* and the Xp and ZF distributions show the AC 

is primarily target-like in its production. The W* vs. Q* correlation, 

not ahown, reveals that the $3 are generally produced at a W* < 5 CeV*, 

which further suggests their target-like behavior. Thus, the charm 

production characteristics and estimated D cross section, relative to 

single muons, corroborates the previous studies of opposite sign dimuons. 

we can look forward to about four time3 as many event3 when the E531 

experiment finishes the analysis of presently accumulated data. 



-6- 

111. Opposite-Sign Dimuons 

A. Experimental and Theoretical Expectations - 
Several experiments have new data to report on charm production by 

neutrinos and antineutrinos. The charm events are identified by observing 

a Second OPPCSite-Sign leptcc in the Final state es shown in Figure 1. The 

neutrinc rate, d(x)sin28c+s(x)cos29c, has substantial contributions From 

both the valence down quarks and the sea strange quarks, while the 

antineutrino rate, a(x)3i3*e,+9(~)003*ec, is predominantly due to the 

anti-strange sea. The helicity structure, assuming V-A currents, results 

in the y distribution being Flat, aside From the kinematics oP transforming 

a light quark to a heavy one. This threshold effect not only changes the 

Flat y distribution to one peeked et higher y, but also is presumed to 

cause the x scaling variable" to become x'=x+m$/(2HEVy). This Follows From 

the kinematics of the propagator, with Pour momentum q, plus X*P, where x'P 

refers to the momentum Fraction OF the initial d or 3 quark, which 

transForms to an object whose ma33 is mc. The x1 scaling variable then has 

a lower bound, mc2/(2MEvy), below which' charm cannot be produced". For 
valence quarks the charm cro33 section is not much affected in the low xv 

region, but For the strange sea distribution, x~s(x*)=A(l-x')', which is 

atrcngly peaked at low x1, there is substantial suppression at low neutrino 

(antineutrino) energieszo2'. IF, in addition to the assumption of x1 as the 

scali"g variable , one includes the phase space Factor (slow resealing) For 

producing a heavy quark in the two body scattering: 

Y +[j- u- + 0 

the charm production differential crc33 section becomes"?2: 

d30 
dx'dydz 

= ~~~~~d~x~~sin2~c+xlsocosz~~~-~~~2~~~~~ D(z) (2) 

In equation (2) the Fragmentstion of the charm quark is described by 

the P""ction D(z) where 3 is the Fraotion OF the energy taken by the 

D-meson in the W-boson-nucleon center of q 333. 

Thus, the topics t-or study include Fragmentation of charm, the cr03s 

section ratio o(ru)/o(iu) a3 a f"c0ti03 OF =*=wy, the 2u neutrino and 

antineutrino x distributions and the Fractio" OF strange Sea in the 
nucleon, Il3=2s/(u+d). 
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There are a number of experimental and theoretical hazards when one 
attempts to draw conclusions From the data. 

1. In the case of the 2U final state the second muon is identified by 

a minimum momentum cut of h to 6 CeV/c. This cut plus geometrical 

acceptance diminishes the charm signal by as much as 50%. For the 

bubble chamber !Je events there is a much lower cut on the 

electron's momentum (typically 0.3 GeV/c) which eliminates only a 

am311 amount of charm production. However, the bubble chamber 

.experiments suffer from a lack of statistical precision. 

2. There are background second muons which result from the decay OF A 

and K mesons originating et the hadron vertex in ordinary charged 

current Interactions. This background is typically 5% to 20s For 

the dense detectors with a P,, 
2 

cut of 5 GeV/c. 

3. FOX- the wide band neutrino beam (WEB) data there is unmeasured 

missing energy For the decay neutrino which varies Prom 5 to 

30 GeV and is typically 10 to 15 GeV. Thus WBB rates for 

o(2!J)/o(lP), are based on estimates of the missing energy. 

4. The WBB antineutrino dimuon data are obtained in the presence of 

-502 neutrino background. The separation of v and il dimuons 

depends on the definition of the leading muon. 

5. For the WBB data, the scaling variables, xvis and yvis =I.= 
computed with visible energy: i vi3 

vis=%l+Bu2+Eh 9 and 

Eh=Eh "i3+E112. Consequently, they are not even on average the true 

x and y. 

6. The Fragmentation variable, 3, is not measured but instead 

z~~=~,,~/E~ is the observable. In the case of the WBB data Eh does 

not include the energy of the decay neutrino. 

7. For the counter experiments charmed baryon production is assumed 

to be negligible. 

E. Charm Crass Sections VS. Energy -- -__--- 
Figure 5 shows the recently published U(Ue)/o(lU) ratio vet-sus visible 

ecergy For the Berkeley-Fermilab-Hawaii-Se3ttle-Wisconsin (BFHSW) 15' 

bubble chamber experiment". The data with P 
e+ 

'0.3 GeV/C were obtained with 

the quadrupole triplet beam. For oompariso” the 1979 Lepton-Photon 

00cFerence data From the Columbia-BNLSz' end Gargemelle-BpBzS 2lJ (corrected 

For efficiency) experiments are shown. BY 100 CeV the charm production has 
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0.00 
I I I I VP ;” 
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Fig. 5. o(pe)/o(lu) vs EV13. The data are From reierenoes 23, 24, 25. The 

positro" momentum cut requires P =+ >0.3 GeV/c. The GGM-SPS ,,-,,+ 

data shown here are corrected. See Ref. 25. 

t-is=* to 0.85s of the single muon cross section. Figure 6 shows the same 

Columbia-BNL and BFHSW pe data with a 4 GeV cut on the e+. New 21r data Prom 

the CHARM collaboration are a130 shown with a 4 GeV/c cut on Pp2(495 

avents)2~. The CHARM data are obtained with the WBB. Their detector has en 

average density of 1.3 gm/cm3 as compared to the CDHS, CFRR, and HPWF 

detector densities of 5.18, 4.02 end 4.51 gm/cm3. Instead of making a 

background subtraction, the CHARM collaboration uses the observed 

distribution of the distance between the two muons at the vertex to deduce 

the Practio", P, of the dimuon sign31 which is prompt. They Find 
FvzO.62tO.04 and P;=0.58f.06. For neutrinos the agreement in *w/l,, rates is 

reasonable elthough the CHARH data seem to be systematically lower than the 

bubble chamber data. 

CDHS and CFRR also report new neutrino and antineutrino dimuon data. 

The CDHS WBB v data come Prom 15,000 dimuon events while the CFRR u data 

consists of 484 events obtained with the Fermilab dichromatic narrow-band 
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0 CFFS’a! 484 Events 
I I 

I 

Fig. 6. o(,A)Io(lp) vs Evis. The momentum cut on the second lepton is 

4 GeV/c. The data shown are From those in Fig. 5 and 3130 From 

the CHARM collaboration~~. 

beam (NBB). Figure 7 shows the CFRR visible energy versus radius of the 

interaction for the y dimuon events. Clearly the separation of K and ,, 

neutrino events is straight Forward. For the CFRR NBB data the tot31 

energy For each event is assigned Prom a 0~033 section weighted average of 

the neutrino flux at that radius. The CFRR data, with P 
u2 

>4 GeV/c are 

shown in Figure 6. CDHS have used their NBB 211 events and Honte car10 

calculations to correct for the missing energy in their WBB data and to 

obtain the 2,,/1,, 0r033 section ratio versus neutrino energy (not Evis). For 

the CDHS data the second muon is identiPied by its passage through 5 

modules of their apparatus. This implies a P cut which varies between 5 

and 6.5 GeV/c. 
!J2 

The CDHS and CFRR data, with a 6.5 GeV/c P cut on the 

CFAR data, ere shown in Figure 8. 
P2 

The data show reasonable agreement. 

Both sets of data have the K and ,, decay background subtracted. For CFRR 

the 2,, background/lp rate varies approximately linearly with energy and 

reaches 0.6x10-* at Ey=200 GeV. CDHS have corrected their data for 

acceptance and the P cut wLth a Monte Carlo which assumes a fragmentation 

Function D(z)=cons~~nt and no slow resealing.' These corrected 

(preliminary) data are ahOwn in Figure 9. Again as was seen in Figure 5, 

the 211/1u 0P033 section rises to -1% For Ey,lOO GeV. Figure 9 also shows 

the CDHS antineutrino ,,+,,- cross SeCtiOn data with the n and K decay 

background subtracted and corrected as in the c3se of neutrinos. 
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Fig. 7. E,isIEsec VS. Rint for the CFRR opposite sign dimuons. The 

scaled energy "9. radius Of the interaction point clearly shows 

the Yx, ", separation. The cvrve is the boundary used in the 

separation. 

A comparison of the CDHS corrected "eutrino and antineutrino data show the 

0 data exceed the " data at all energies. The shape of the CPOSS section 

rise has not yet bee" fitted to the slow resca1ing hypothesis. Edwards’ 

and Gottschalk's SlOW 

(02~/o,~)/P2p 

P%SCali"g calculation2' indicate the ratio 

,;I rises from zero at low energy to approximately one at 

50 oev and then increases slightly above this energy. Exactly where the Q 

ratio overtakes the " ratio depends sensitively on the parameters involved 

in the SlOW resca11ng calculatlc", "emely the shapes Of the valence and 

strange sea x distributions, the charmed quark mass, and the fraction Of 

strange sea in the nucleon. 
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C. x Distributions 

Although the scaling variable, x', 13 expected to be fundamentally 

related to the parton density distribution, there at-e good reasons for 

studying x distributlons~~. The x1 distribution has a threshold in the 

small x1 region which varies with "eutrinc energy Ey, inelasticity y, and 

the assumed charmed quark mass, m". Furthermore the effects of apparatus 

acceptance and reSClUtiCn8 (AEh/Eh, Aev/e;, etc.) complicate the study of 

the variable x'. Thus experimenters have reported x, rather than x1 

distributions. Edwards and Gottschalk show expected experimental I 

distributions for various theoretical x'd(x*f and X’SCX’) distributions, 

and they also point out the need to include experimental resolution effects 

in these predictions. The CFRR observed x distribution has been corrected 

fCP P and 
L42 

acceptance cuts. If the fragmentation function, D(z), is 

assumed to be a constant, the CFRR x distributlc" weighting function, with 

a Pu2 cut of 4 GeV, increases almost linearly by about 30s over 

lot 

8( 
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4( 
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1 
!i 
00 
4 

+% ENVBEBNTS 
oCD!-iS WBB 

6000 EVENTS 

u/+ N-y- f.P X 

0 

I 
0 Q20 0.40 0.60° ‘0.80 

X(X,,) 
1 

Fig. 10. Opposite-sign neutrinc dimuon x distributions. For the CDHS data 

(Ref. 27) xyis is plotted. 
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the x range from 0 to 0.6 at a neutrino energy of 100 OeV. For CDHS the 

detection ePPiciency is uniform so that no correction has bee" applied to 

their x distributions. 

The "eutrinc x distributions for CDHS and CFRR we shown in Figure 10. 

For CDRS the calculated quantity is xvis which is usually about 0.01 larger 

than the true x due to missing energy. The <x' for the CFAR data is 

0.15f0.02, while CDHS measwe <xvis' to be 0.195*0.01. CHARM reports an 

<x vi3 ' OP 0.2lf0.01. Beside the expected small difference between 'x' and 

<x ' Vi3 due to missing =n=wy, some additional difference is anticipated 

because oP the different average Q2. It should be emphasized that the data 

analysis OP both CDHS and CFRR experiments is incomplete and that the 

diiferent lu average energies of 60 and 100 GeV, respectively for CDHS and 

CFRR, and the different muon angular rasolutio"s may account Par the 

difference in mean X. 

- VN-p-px 
me__. c N-p+p-X 

I---- Buro&,zeg 

--- Ri tow a se0 

CDHS ‘81 
WBB 

(Preliminary) 

Pig. 11. CDHS neutrino and antlneutrlno x distributions.ReP. 27. 

FOP antineutrinos the CDHS x distribution shown in Figure 11 can be 

fitted with x§(x)=A(l-x)'. This form is aleo consistent with the new CFRR G 
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data and other older data. The value of <xvis> for the CDHS ; data is 

0.095*0.01 while CHARM finds 0.15f0.01. These smaller values of <xvi=> ape 

expected since nearly a11 Of the ; charm events are produced from the 

strange sea. 

D. Strange Sea Content of the Nucleon 

Two methods have been used to extract the strange sea content of the 
nucleon: 

~ls ~ 2 J x s(x) dx 
I X["(X) + d(x)ldx * 

In the first method the neutrino dimuon x distribution is fitted using the 
va1en%ze x distributions, u(x) and d(x), from standard deep inelastic 
scattering and the strange sea, s(x), taken from the x distribution of 

opposite-sign antineutrino dimuons. Thus the relative strength oP the 
strange sea is determined from fitting ,, in the equation: 

?&Ii = (1-a) x d(x) 9 (1 xs(x) . 

The second or double ratio method uses the ratios of integrated rates for 

on@ and tire muons (neglecting c$armed baryon production): 

R, : o~('p)/o,(lu) , 

and 

R25 
o"(z")/o"(lp) 

a3(2u)/o~(lp) , 

"Z. 
J [U(x) + d(x)3 x dx 

"0.15, 

to find: 
Jp:u'X' + d(x)] x dx 

R2 = R1 
sin2ec + rlscos2~o , 

q sin 
c l30 + Tl.qc=s c ec 

which yields : 

lls' = 
te.a2flo (1 - ,, R2/Rl) 

(R2/R, - 1) 

60th methods have been used by CDHS to find qe. In Figure 11 the CDHS 
x distributions are shown, summed over all energies, along with the fitted 
O"P"c).¶ ( and Figure 12 show3 the CDHS values of r)s, without slo,, resca1ing, 
ror both methods as a function of neutrino energy. The average value for 

ns, not including 3ystematic error-s, for the CDHS data is 9.6rO.61. CFRR 
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and CHARM report preliminary average values without slow resealing of 

3.921.05 and 5.0*1.5%, respectively. While SlOW resealing raises the 

valuelozl of ,,=, PreliminerY results from CDHS which include slow resealing 

suggest that ,,s=,,, i.e. the strange sea may not be W(3)-symmetric. 

I I I I I 

x-22. 
0 FROM FIT TO X DIST. 

u+d 
to- 

8- 

:r 
t 

+ DOUBLE RATlO METHOD 

CDHS WBB 
PRELIMINARY 

++w= 1 ~‘,I 

2- 
I I I I I 

0 40 80 120 I60 200 
E(GNl 

Fig. 12. Strange 388 content of the nucleon. The CDW results of both the 

Pits to the x distributions and the double ratio method ape shown. 

So slow resealing has been included in the fits (Ref. 27). 

IV. Like-Sign Dimuons 

A. Old Data and Possible Sources --- 
In the past, several groups have reported like-sign rates 

3tatistically well above their measured and/or calculated background rates. 

Figure 13 shows the VN+P-u-x cross section ratios as reportedta-32 before 

1981. All groups agree that the second muon originate3 at the hadron 

vertex. This conclusion follows from the fact that the + distribution 13 

peaked at 180°, where $ is the angle between the two muon tracks projected 

on a plane perpendicular to the incident neutrino. Mechanisms which have 

been suggested as Prompt source3 for these signals include (1) associated 

charm production, (2) b(bott cm) meSon or baryon production, and (3) Do, 3 

miring. 

The 333ociated production modeler which describes first order QCD 

gluon bremstrahlung into - cc pairs, Figure 143 , predicts a like-sign rate 

smaller by one or two orders of magnitude than the experimental rates (see 

Figure 13). Theoretical predictions for hadronic production oP bare charm 

pairs by gluon bremstrahlung are also lower than the ob3erved rate by 
roughly the same amount. 
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Fig. 13. Like-sign neutrino dimuon rates VS. Ey For data available before 

1981. The curve is the predicted rate For c; pa:r production by 

gluon bremstrahlung with the requirement OF P 
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>9 GeV. 
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(a) 
Gluon Bremstrahlung 

lb) 

Intrinsic Charm 

(c) 
Gluon Fusion 

Fig. 14. Poesible q odele FOP production of like-sign dimuons. For 
associated charm production, (a), eee Reference 33. For b 
Production models, (b) and CC) eee References 34 end 36. 
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As an example OF b production, Bradsky, Peterson, and Sakai" (BPS) 

proposed intrinsic charm in the nucleon, Figure 14b, to explain the 

observed like sign u rates as well as the large diffractive crose s,ection 

observed in pp+ng at the ISR'5. With the assumption of l$ intrinsic charm 

end the requirement of P 
p2 

>9 GeV/c their model Fails to give enough t-ate 

because the (V-A) coupling of c to b quarks requires a (l-yJ2 Factor in the 

~~09s section, which Beverly limits b quark production. BPS point out that 

the mean value OF x expected in the intrinsic charm model would be larger 

then is the caee For g1uon bremstrahlung since the c and E have 

significantly larger mass than the u and d quarks, therer6re carrying a 

larger Fraction of the nucleon's momentum. 

Another b production model which has been investigated by Barger , 

Keung and Phillips" is gluon Fusion as shown in Figure 14~. They Find the 

cross section For this process to be even smaller than the intrinsic charm 

model and conclude that of the three models discussed the only one that 

comes close to the data is intrinsic charm with Full strength right-handed 

couplfng. IF the rate is to be explained with left handed (V-A) coupling, 

the intrinsic charm would have to account for a much larger Fraction OF the 

nucleon's momentum and this would be inconsistent with the large-x dimuan 

cross section observed in muon scattering by the EMC group (see the report 

by Sirovink in these Proceedings). 

DC, 0' mixing should be considered es a possible source of like-sign 

events. Although there is no evidence For mixing and theoretical prejudice 

suggests a rate of -10e3 or less, the measured mixing at 90% confidence 

limit is less than 11% (Avery et al.") and less then 16s (95% CL, Feldman 

et al."). IF, Por example, all the like-sign dimuons in the CFRR 

experiment came Prom Do, Do mixing (which is unlikely because one would 

expect associated charm production at eome level) the Do/D+ production 

Patio plus D-U inclusive branching ratios discussed in II-C above would 

imply Do, 0" mixing at mope than the 20% level. This level would be 

diPPioult to satisfy with the existing Do and D+ production and branching 

rhtios, but it is possible a fraction of the like-sign signal comes from 

this souroe. There is some evidence Do, 6' mixing is smaller than the 

limits quoted here". IP so, the Praction OP like-sign eventa due to mixing 

would be small. 

B. Background Calculations 

The expected background souroes of like-sign dimuons are: (1) decay OF 

a primary n or K at the hadron vertex in ordinaPy lu charged current 

interactions, and (2) the production of either a prompt or non-prompt 

second muon FrCtEl the interaction 0P the prfmary hadrans Ln the hadron 

shower. Sufficient data ere available to reliably calculate both OF these 

contributions to the like-sign rate. 
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The Fate From decays OF the primary hsdrons is celaulated in two ways. 

The First approach is to generate the inclusive primary hadron spectra and 

DUltiplicity From Field-Feynman quark jets based on Fits to "Ne deta 

obtained with the WBB. An alternative, end perhaps better procedure is to 

take the measured inclusive hadron spectra Prom high energy "Ne bubble 

chamber data. The secondary particle cascade calculation makes use of the 

generated or measured primary hadrons, es just described, along with the 

measured prompt and non-prompt U production by hadrons in the Fermilab 

experiment E379/595 variable density target. This gives the rate es a 

Function of hadron energy, ES, for producing a muon with momentum greater 

then some cutoff value, Pp . shows en such a 
2 

Figure 15 example 0P 

oalculation by the 
12 

CFRR group . The number of like-sign background 2U 

events is then obtained by convoluting this probability curve with the 

experimentally measured hadron energy distributian for the 1U event sample. 

A oomparison of the CFRR calculation with that of CDHS shows the CFRR cuwe 

I I 1 I, 

- Field-Feynman Quark Jet 
--- Ne Bubble Chamber /’ 
--- TT Fe Data /‘, 

t HADRON lCjeVJ 

0 

Pig. 15. Probability OF producing e p- with momentum greater than 9 GeV/c 

given hadron *nereY, EH, Prom plans and kaons. The solid ourve 

uses the Field-Feynman quark jet program; the dot-dashed Curve 

u*es Y-Ne bubble chamber data direotly. The Solid Curve is 

production by incident pions. 
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to be about 251 higher than CDHS For a P 
Y2 

cut oP 9 GeV/c. Although the 

CDHS and CFRR background calculatio"s give similar rates, there are 

diPPerences in the way the curves are used since the two detectors differ. 

The CFRR experiment demands a muon in the spectrometer downstream of its 

target calorimeter which in turn requires the hadrc" shower to point in a 

direction that allows the second muc" to enter the toroid. In addition, 

since the leading muc" is required to enter the toroid, the largest y 

region (largest EH), where the probability for producing a decay q "cn is 

greatest, does not contribute to the background. These factors reduce the 

number oP background second muons Per CFRR by a factor of two to three. 

C. New Data 

CDL?,", CHARMar, and HPWFOR*' all have reported new data on like-sign 

dimuons. The CHARM and HPWFOR experiments have determined their 

backgrounds in ways which differ from the calculations discussed above. AS 

mentioned in the section on opposite sign dimuons, the CHARM collaboration 

2,~ tracks which emerge Prom the hadron shower ape projected back to the 

event vertex to Pind the horizontal and vertical distances which separate 

the two muons. The histogram oP projected distance is used to extract the 

prompt rracticn Of like sign dimuons. They first take each of their 2,, 

events and Computer generate a" event in which the two muons originate at 

the sere VCFtOX. Each muon is then given the multiple scattering 

appropriate to its measured momentum and the newly generated event is 

analyzed as a normal 2p event to obtain the perpendicular vertex 

distribution (AY,&z) for prompt events. To find the vertex resolutio" 

Punctio" POP muons Prom hadron decay, they "se 891 hadrons which emerge 

Prom the hadron shower, go through 12 modules without showering, and then 

interact. This gives the correct sample es to hadron energy, angle, etc. 

for calculating a decay background distribution. The P 
M2 

cut they apply to 

their data is 4 GeV/c, which makes it difficult to compare their results 

with the other three counter experiments which have a p 
p2 

cut OP 9 or 
10 GeV/c. 

The HPWFOR group "se their neutrino-induced opposite sign dimuons to 

estzblish the slope of the y-p+/,,- rate Vera"= absorption length since they 

have a target with three different densities. The fixed slope, which 

agrees with their background calculatio"s, is then used with their like 

sign data to establish the prompt rate. 

The "eu and old data are shown in Figure 16. The new CHARM and 1979 
CDHS data require P 

112 
> 4 and 6.5 GeV/c, respectively. Thus, an appropriate 

CCEp*P+SC" 0: those data with a11 the other data, which require 

pp2'g GeV'cl Is 
difficult. The CFRR and HPWFOR data taken with the 

quadrupole triplet beam (QTB) and NBB seem to be in reasonable agreement. 

Nowever, those data, QTB+NBB, are in poor agreement with the CERN WBB data. 

There 8x-e several places to look for difficulties, particularly since the 

background subtractions are different for each experiment. 
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For the three detectors which have similar densities, CDHS, CPRR, and 

RPWFOR, the Pr*cticns of the 2~ data that are estimated to be background 

are roughly 6512, 3OS, and 252, respectively. CFRR end HPWFOR have SilDil*~ 

detectors and similar geometrical requirements which account for their 

smaller background estimates than CDHS. The raw rates for the experiments 

Should differ only because their average densities differ; The raw rates 

For CDAS end CFRR at 150 GeV are (1.63t0.18 end 4.2t1.3) I( 10s4 while the 

absorption lengths PCI- these detectors are 28 and 36 cm, respectively. 

Assuming the total CDHS raw rate were background, this would imply a rate 

For the CFRR density of (36/28)*1.63=2.1+0.2 in units of low4 which is in 

poor agreement with the measured rate. If such a diPPerence existed at 

only a single energy it would be argued that the statistics of disagreement 

were not overwhelming, but the difference exists throughout the energy 

range 50 to 250 GeV. The agreement of PBV rates is, at best, poor. The 

CHARM and HPWFOR raw rates are not available to help sort cut this problem. 

CHARM has not yet stated a raw rate with P >9 GeV and HPWFOR have Only a 

combined pew rate For their two lowest den~ties (iron calorimeter and 

liquid scintillatcr target) since the energy is not determined For their 

high density iron target events. 

There is at least one significant diPPer@nce in calculating the NBB 

and WEB u-p-/p- data rates. For the NBB data the number of lp events used 

in the denominator is easily determined zinc@ the uf!Ji event energy end 

vertex radius identifies whether the event came f?Crn a VT OF VR 

interacticn. On the other hand Prom Figure 17, which shows both the QTB 

and YBB lu E" spectra, one observes the rapid decrease in events with 

energy For the WBB. Since there is missing energy in the 2p events, the 

number of 1~ events to use in the denominator must have a mean energy which 

is higher than the 2p average, Evis. For example, taking the mean missing 

energy of 13 GeV in the 150 GeV p+p- CFRR NBB data to be the same as the 

missing energy in the WEB p-u- data would raise the raw WBB p-u-/p- rate by 

*Bout 509. Furthermore, the WBB background subtraction would be smaller 

since it is based on the number of 1~ events. Since the p-p- prompt source 

is not known, it is difPicult for the WBB experiment to estimate what the 

missing energy correction should be. CDHS and CHARM make no mention of 

correction for missing energy in their measurement of like-sign rates. 

Similar criticism can be leveled at the QTB experiments, although the 

energy spectrum Pa113 0rr much less rapidly over the energy region of 

interest. 

The FIIM ; bubble chamber experiment" reports 4 p+@+ events when a 

background of 1.1 events is expected. This leads to a like-sign rate of 

4.8+5~3,10-4 with the average p+e+ -3.2 event energy of 52 GeV. The BFHSH 

group" also reports 3 p-e- events and 1 p+e+ with estimated backgrounds of 

3.6 and 0.3 events. Although the rate POP one u+e+ is consistent with 

background calculatio"s, the observed e+ momentum of 6.6 GeV/c makes the 

event a very unlikely candidate For production by K and n deaay. There are 
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no new Columbia-BNL like-sign data since the 1979 Lepton-Photon conference 

at which they reported 20 ,,-e- events with en expected background of 

9 events giving a p-y-/p- rate -3x1o-4. 

V. Concl"sIons 

A. Charm Production 

1. 

2. 

3. 

4. 

5. 

Charmed baryons are produced at W,5 GeV and at low 92. US”*lly 

they SppeSr as target-like fragments. 

For EV,30 GeV charm production is almost entirely F and D mesons 

or their excited States. 

The charm production CrWss sectfon Par neutrinos Is 8% to 10% OP 

the 1 v orcSS section for neutrino energies above 100 GeV. 

Although the rise In the charm production c~css section with 

energy is consistent with calaulations based on the Idea CP slow 

rescs1ing, there is not yet a test which unequivocally proves that 

the quarks have mess and that the mass ePPects SFB present in x 

distributions. 

The strange sea momentum Praction, without resealing Is -51. It 

would be higher with slow resealing although It Is do"btP"1 the 

strange sea is SU(3) Symmetric (;=drS=;). The value of nS and its 

x and Q2 dependence is Important in Its own right and it also 

PleYS a vital role In comparing Structure Punctions obtained with 

muons and neutrinos. 

B. L1-n Data 

1. All experiments report like-sign dimuon signals, substantially 

Shove backgrounds but they do not all agree on the level. Data 

Prom the "Srrcu band and quadrupole triplet beams exhibit higher 

rates than Prom the wide band beams. A non-negligible part oP the 

diilerence between rates may be due to missing energy, which 

cannot be determined POP wide band beam data. 

2. Even the lowest measured rates ere larger than the calculated rate 

POP the associated production oP charm pairs via gl"0" 

bremstrahlung or b-quark production Prom (V-A) coupled models 

based on (a) intrinslo charm In the nucleon CP (b) gluon-Pusion. 
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3. Ii the like-sign -0 signal were due to DC, D mixing, the required 

level cP mixing would be larger than measurements Indicate. Thus, 
mixing could aCccUnt Par Only a Practicn cP the observed rate ii 

our knowledge cP D+, DO production and branching riltios is 

accurate. 
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